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SURFACES

-- . .
cannot lw made vit’mu+lS“;f!TiOid.l?gthe specimn. Thjs sect.ionhg
is often inativlsfibloIw-aus~ the s;.~cim”.nmv b:.n~.;dedfor further
1.G2LS. --q~tL~v~b~~n (l=~~.s~dfm takjq phqtc.ticro-Spccial Cn..J
wa:Ills (A oth~~~is(;Jm.:jccc~:.”i.bks]rf~~,s,bu t t!Ld ,lt@WIIi.CO 1

diiiicultics and t!ltinx xk-5 of such ins!mum.m~~ ;m’s nec~asitatwd
the adopticn of other xr.r:tho~;s,f.~c.tas tn~ usa d lhir.-.filmreplicas.

The u~e of i~k~tic--fi“.,:replicas of uet;.1surfaces is not new.

IiI l?2~, L. V, Foster (i-efer::nce2) used colloiiirnfilms to obt&in
replicas of etched w ri~tces;thes~ replicas were satisfactory for
microscopic oxa iin3ti0n01 V,;eetch ;Ittern, ~q~en~j:-,tniw-fi.!.m
replicas of metIi surfIces km-e tww use!~ey’erJSi-VC~v iii i!m fie~.d
of electron Imcrcscopy (refer~rl:,~s1 to 6), E’xtmmel.ythin film
of callodicn ar.clother pl~stic ~,~~icri~Is mch ‘.sFumvsr have lxcn
striFped from tl?eetched surfaces of metals and hwe been maxm:ed
at high ma@ifiC~iiOn~ +a daternjne the firAe swuctur,? of the metal-
lic surface. Lzcqcer-fjlm negative replicqs h?ve been u~ed by the
N.AC.Ain surface-porcsitydeterminations of chrcmium-plated .aircraft-
enQne cylinder barreis -andha-n’been fo’md to give adequate defini-
tion (reference 7). lhis method, developed by .Lachlinand Stokel
at the Aircraft Engjae Resex--c”lkbor?torg~ is rapid ?nd sztia-actory
for tho specific pwrpase of clifferentiating between the pores and
the no.miml surface of Forms chrome plate. The transparent nega-
tive repfica is an jnverae image of a surf~ce and, if the replica
is obliquely lighted ar ii’the orj@nal nurlace was irregulcr, the
repldca may be-arno ressmblaxe to tme original. For a critical
study of ourface irre}~ularitieeA.ymeane of replicas, the repiicas
used should therefore be opaque positives of tne original surfacee



The comprehensive study of aircraft-engine wesr undertaken in
recent years has focused attention on the physical alter~ticn of
wearing mrfaces. h most cases the surface chance is of such
microscopic dimensions that specialized and expensive equipment
must be used to examfie the interiors of aircraft bearings and
engine cylinders. If photomicrographs are taken of the surface
for a ~ermancnb record, only an e~tremely small area can be irJcluded
in the field. ;2my p!mtomicrc;paphs must be made to obtain a repre-
sentative concept of the s!~”.”face.Tne neeflfor some eimpler method
of .%@K&~thJn that could ‘>eapplied to my surface tithout neces-
sitat”kcEthe use of’special equipment was realized during +.heco;lrse
of a pro~r~flof sl~rf’ace-f;zishstudy at t!heAircraft !ln~ineRese~rci~
Iat,oratoryin the mmer of 19~13. A metnod utilizing positive
replicas vaE clevelo~edthat ovarcomes mmy of the previous diffi-

and cylir~der-
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PREPARATION OF POSITIVE REPLICA

The preparation of the positiw rep15ca consists essentially
in plating a thti layer of silver on the replica side of the trans-
parent negative lacquer replica. The dried negative replica film
is cut tito l-inch squares that are mounted replica side up over
a 5/8-inch-diameterhole punched In a apeclmen holder made of tMn
brass plate. The edges of the film aro cemented to the specimen
holder with some of the Lacquer. The negative replica film con-
tracts to a flat surface as the cementimg lacquer dries. A glass
plate is placed h contact wit,hthe back of the specimen holder
md both are placed In a high-vam~ metal-evaporation unit whore
an opaque coating of silver is evaporated onto the replica side of
the film (reference 8).

The replica then may be examined microscopically by viewing
the opaque silver coatfmfithrough the lacquer film. The surface
thus seen is a positivu replica of the original metal surface. If
permanent microscope-slide mounts are desired, a l/2.inch-diameter
disk may be cut from hhe center of the positive replica and mmnted
silver side down on a microscope slide previously dipped in a fresh
warm lo-percent water-aolutic)nof gelatin. The slide should be
allowed to dry for at least 12 hours. If the negative replica film
is dirty, wrinkled, or otnezwise unsatisfactory, it mny he dissolved
from the slide wl.thacetone and a new film of the lacquer applied.
The silver replica remai~s fa:.t~iedto tne gelatin durin~ this
process.

Fl@Ei.ZH OF RWkOWCTION

Surface tests were made to see if the replicas s?mi.nkon
drying. A series of tests was performed usine negative re?lic.as
that had dried for different lengt[w of time in contact with a
specimen. Twc parallel scratches 2 inches apart were ruled on a
polished brass surface and the negative replicas were peeled from
this surface and measured at t~me intervals up to 1 week. The
variation of the spread of Ynese twu lines from the 2 inches on
the ori@nal plate was measured on the nogstive repllcas with a
scale and s magnifier, The shrinkage was measured to an accuracy
of 0.1 percent. Several hundred measurements were made on
7~r@licas to obtain the drying-time information previously
given. h general, a l-percent shrinkage should be taken into
consideration h all replica studies.

Figure l(a) is a photomicrograph of SJmetallographically
polished steel surfaces figure ~(b) is a photomicrograph of its

4.
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poeitivs replica. l;igures2(R) end 2(b) present a simil?r treatm-
ent of a la~ped steel mrface. The square holes that are ‘tisible
in the photomicrographs were made with a Rockwell hardness tester.
These figures show the degree of fidelity of reprxluction possible
with the positive replica. Tne spectien shown in figure l(a) had
3 roughness of l.$ microimches, rms, as determined by the i3rush
surface analyzer. lj~ra l(b) illustrates the resolution possible
‘~tiththe LJo6~tiVe replica at the small roughness value of 1,5 micro-
inches, I’ms.

Tne hig!wr r=flectivitiyof a silver .surf3cesc compared with
a ste’:1surface must be considered in interpretjn[~surface char-
~cter. The fjn~ s!,ructuralct~t~ilis smetimes less evident than
jt.is in the ori~in31 specicwn %cause of the increased specular
illw.in~tlon of the Tits and fnmooresof the re:olica. Although the
fine det~il shown h fiwre 2(9) is also shown in fi~re 2(b),
f’igurs2(b) shows much less contrast. In making of photomicrwraphs
of positive rep.lic?s,only two-thirds the e~osure given to the
ori@nal stesl .aurf’aceis r,ecessary,

A surface-finisn study of cylinder-barrelwalls was conducted
sup~,l~en~~r-~-to a ,ser.i.es of rinq-~t.ickir.~tJe~Jst O1ia sin~le Cyl-
inder frolnm hl.lisonV-171O enqinc. Po.5itiverep].icas(fi~:s.S
ho lh) of the cylinc?srwalls were.readsaftsr e~ch of 22 test mms
Onflrel’ee~atined microsco~jic.ql]yfor S’xcfacec’haIlpnsdurinflthe
run-in an+ wsaring of ths c:ifljnderblrrel. Tn this application,
a negative replic~ was made of both the major-thrust and ,mti.or-
thmet faces of the barr~l. f..el~c+sd~,urtioriswere u~t from elaCh
of these negative-replica sections and made into fj.nishedpositive
replicas mo!ultedon microscope slides.

A microscopic ex%:fi.ationof these positive replicas indicated
n gradual erosion m-l alter~t.i.mof the cyl~nder surface from the
cross-h~tched finish of a t]ev-~honed cy?inder barrel to the
parallel-scratch finish of a well-worn barr~l. ‘i’hetou portion of
t% barrel ~howed a mxi.mum of weer. This evi.!enceof wear, shown
by the disappearance of the honir,qmarks on t% barrel area trav-
ersed by the rings, decr~ased down t% circumferentialb~rrel area
until, at t!~ebottom of the nr?a uf ring travel in the barrel, the
cross-hatchrxlsurface was still quite evident.

Fi~res 3 to 7 are photomicro~~rayhsof positive replicas of
various ~ortions of the surface of the cylinder mgnified 112 diam-
eters. The coarsely honed surface finish of a ncw Allison cylinder
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barrel is shown in figure 3. Figure h ~hows the conpabatively
finely honed finish given to the Allison cylinder barrel at AERL
h the course of a general engine G=rhad. The surface of the
coarsely honed new cylinder after ~ hours of test running is
shown h figure S and the suface of the finely honed cylinder
barrel after 35 hours of test runntig is shown in figure 6.
Figure 7 shows the surface of the coarse~ hmed cylinder after
100 hours of test-operation. All these p-hotomicro~raphswere
taken along the middle portion of the major-thrust face of the
barrel and represent the general surface appearance of the cyl-
inder barrel.

ThP rest or the surf~c~ c]f+.hecylinder bqrrel other than t.h.s
band =nwas contains marIyfiAR s..‘ra”;chesparall.e.lto c.neJirection
of the ~trcke. These scr,:bc’~esarficaussd h} the abrasive action
of particles suspended in the oli and imhsdded ti the ring or
cyltider wall, WheM the f~nal honing marks disappear from the
bottom ruingband of the cylfix!erbarrel, the barrel nas reached
its final surface-finish appwrence.

Jn a coarsely honed new cylinder, the honing marks at the top
of the barrel were found to disappear after approximately 100 houas
of runnjnq tjme; but, in a fine~~ hmwl cyfider, these marks dis-
appear after as little as 30 lmure of runnflngtime.

An examin~tion of t,hecmplcte positiva replic~ of the cylinder
wall indicated that there were t.hrgemain areas of interest: the
top and bottom ring bands, and the general wall area between tnese
bands. In order to show the difference in the appearance of a
recmtly run-.~ barrel from that of,a well-worn barrel, photomicro-
graphs were made of these thrcs areas in three barrels, one of wnich
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had been run 33 hours, one 120 hours, and the other 225 hours on
a test stmd. These photomicrographs are shown in figlres 8 to U.
The fact that the cylinders examined in this replica Etudy were
used for ring-sticking tests must be kept in mind in interpreting
the figures. In the Cy].ti.derSthat. had been run fOr 33 and
225 hour~, t,hctop ring was stuck in the rirg groove causing a
diff~rent pattern on the cylinder wall at the top of rinp travel
fror.that which is found at tn= same position h the barrel that
had been run for 120 hours RheYe all the rings were free.

Fipyre E!shows the araa within the top rti.g?xandin tilecyl-
inder jn which the top ring did not stick. The looping scratche~
wer~ presurnah~rg~ner~ted by the top compression ring as it rutabed
51i&_ht~ at the tqJ of the Str.lke. Fi~re 9 ~ho~s ~Ll~area at the
top of rti,gtravel i??t.hcb?rrel run foc ~j hours in which the top
ring w=s st.vck. The bmnishinz effect of the ri]lqimpact has
renov@ tilescratches in this barrel hut has left the deeper cross-
hatched grosves of the hor.inqoperation, Wgure 10 show a r~plica
of the worn surf?ce of t% barrel run for 225 hours taken at approx-
im~tel.yth~ sam area shown in fi.wra 90 The rinr was stuck in this
cylinder. Tlii~cylinder presents an ~xcellent example of the sur-
face found at tne top of r.hlqtr~v~l in ~ mrn cylinder barrel. A
characteristicburnished arr:awith tho fringe cf smeared metal
extending donrxqrd is clearly shown,

A.replica of a typicml surface area in t% center of the Lwrrel
rli.glltl.yworn after 33 fiourcis shown in fi~re 11. This surface
has n~t yet.reached the ap!~earance01 the barrel &KWm in figwe ~.
~i~r~ 1? S’-KW,Stl~eSane :Jenrralarea illthe barrel veil-wmn after
225 nours. An exarninatiocof the replicas of this area male from
this cyltider during its mxming indicated that apparentuv no
further surface-finish chany occnrrsrionce this st.qge!la:ibcm
r9achecl. (Cf[f’i.:s.5, 7, ad 12.)
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The replicas of the major-thrust and mbor-thmst faces of
the cylinder barrel showd no apparent difference in the rate of
wsar of t,hetwo faces.

SUYHARY OF RZ5UUTS

The positive replicas of metal surfaces made by a method devel-
opec~at AJXRLwere faithful re~Jro&ction# of the Original SUrfaC@fl,
even at maw~tiicationa of 100 dlametsrs.

The positive replicas made of the sur.hce of an Allisun V-1710
single cylinder bcfor~ ancl~ftsr ring-stic!rinrjtests showed:

1. A v-ariationin the Cyljnder nurfacn occurred durin~ the
COilrSeof the rinr sticking tetits. The mrface finj.sh chan~ed from
the rou~;h cross-hztc’v+d appearance of thE newly honed qlinder
barrel ta a fine i>ara”l.lel-scratch~d finis’1. 1.o th~: tl..st,:: proc::nd.xl,
a series of bands appearml ir~ t,he barrel. ~~~rface at tiletop w](I
battam of the stroke. ‘Ele bar,d formed by the top compression ring
at. the top of’ the st.rake cor:sisted of a knnd of burujshed metal
wi.t!l o frin:y of srrLeIrP-j nqt.al gxhcnding do”wnward toyar:l the center
of’ th~ b-rrel wall. At the bottom of the stroke, the hands w~re
fainter and the b~rnirhin~-effect was lCSS thnn at the to!)of the
strolce. The frin::~of smeared metal v;~snrescnt, and extended
upwards toward t’lecmter of the F.arrelwall.,

2. l.qiH? the top coql)rnssi:mrin~ !la~stucb in the ~’istonIwvl,
the cylirider,“Urfqce at tiiet“)lJ o.f the bhOke endd abruptly ~!ith
t.h:!bm-nish~5 hand antit;lcrq~~r~d mtal frjng~. All t!leti:e=r
scratch=s were parallel to each other and to t,herli~ecthnlof pis-
ton motinll. ‘i~he.nthe top com~~resr.ionrbq did not stick, LWs area
of +.hctou of rtiq travel waa relatively smooth with r~urnerous
loopin~ s“rratchesof different heights eu~,eri~osed on the general
curl’ace. These Ioopinr scratches were presumably caused by the
abrasive action of ~artic”iescau:;htbetween h!nepiston ring and
the cylinder wall at t,!mtop of the strf..ke.The piston rine sp;Jafi
sntly rotated sli@tly qt the top of the :;troke,scraping the
abrasive particles acro~s the cylti,derwall in a looping motion.

—
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3. There was no apparent difference in the rate of wear of
the major-thrust face anl the mincrtlwust face. T% top portion
cf the cylinder barrels however~ ‘did show a greater amount of wear
tnan the kottom portion.

Aircraft Wgfi.e F&search Laboratory,
Natimal Advisory Committ’?e for Aeronautics S

Cleveland, Ohio,

Mlmbxms

!1.Iie-iae:”ireich, Ii. 0., aiul Peck, V. G.: L1.ectron kicrosca~ btudy
J1’S’.iif&cetitrncLuri. P@. ~ev., val. 62, nos. ~ and 6,
2J ser., Sept. .1 til,!l 15, 19J:2, y:>. 232-21>.
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Fia. Ia,b and 2a,b

.-

{a) Photomicrograph of surfoce.. .

Figure 1. - AImetullogrupfiicully
po/ ished steel surfuce uit~ o

roughness of 1.5 microinchas,
rms. Xl~O*

figure 2. - A Iopp& steel SUrfOCe

with o roughness of 8.0 micro-
jflcheS, r~so XJOO.

~lgure 10 - A metullogruphlcolly
po/ished steel surface With u

roughness of 1.5 microinches,...-.-.

.-,. ..- ,,. .xI-.-z.r .-—.

IVI ;ho?;rnicrogruph of positiw
replico of surfuce.

Figure 2. - A 10plWf steel SUrfOCe

uith u roughness of 8.0 m/cro-
inches, rms” Xl00.
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Figure 3. -A positiue replica of
o new coarsely honed Allison
V-171O cylinder borrel. x112.

Figure 4. - A positiue replico of
o finely honed Allison V-171O
cylinder borrel. 1112.

Figure 5. -A positive replico of
the ccwrsely honed Allism
V-171O cylinder borrel ofter48
hours of test running. x112.

Figure 6. - A positiue replica of
the finely honetl Allison V-171O
cylinder borrel ofter 35 hours
of test running. 1112.
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Figure 7. -A posltiue replica of
the coarsely honed Allison
V-17L0 cylinder barrel after 100
hours of test running. X112.

Figure 8. - A positiue repllca of
the oreo at the top of ring
trouel in on Allison V-171O
cylinder barrel ofter 120 hours
of test running. The top ring
was free. X112.

Figure 9. -A positive replico of
the area at the top of ring
trovel in on Allison V-1710
cylinder barrel ofter 33 hours
of test running. The top ring
WS stuck. X112.

figure 10. -A positiue rept!co of
the oreo ot the top of ring
trouel in on Allison V-1710
cylinder borrel after 225 hours
of test running. The top ring
Uos stuck. X112.
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Figure 11. - A positive replico of
the generol surfoce oreo in on
Allison V-171O cylinder borrel
ofter 33 hours of test running.
Xl12.

iigure” 12. - A positive reptico of
the generol surfoce oreo in on
Allison V-171O cylinder borret
ofter 225 hours of test running.
1112.

Figure 13. - A positiue replico of
the oreo ot the bottom of ring
trauel of the top ring in on
Allison V-171O cylinder ofter 33
hours of test running. x112.

Figure 14. –A positiue replico of
the area ot the bottom of ring
trovei of the top ring in on
Allison V–171O cylinder ofter
225 hours of test running.
X112.
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